Abstract. To study the seismic behaviors of full precast shear wall-frame structures with prefabricated shear wall panels and prefabricated frames. Two geometrically identical half-scale two-story two-bay RC shear wall-frame structure specimens were constructed and tested under quasi-static reversed cyclic loading (One specimen named RC-1 is cast-in-place concrete shear wall-frame structure, the other one is a precast specimen named PC-3). The test results show that the specimen PC-3 have similar failure pattern with the specimen RC-1. The experimental investigation indicates that the reliably connected, well-designed and constructed full prefabricated shear wall-frame structures with prefabricated shear wall panels and prefabricated frames, have good seismic performance and can meet the seismic requirements and be used in anti-seismic zone.
Introduction
The use of precast concrete (PC) structures has become increasingly popular in China over the past decade, especially in the construction of residential buildings. This will lead to industrialization in the building industry. In the International arena precast concrete sector has experienced reasonable growth in the recent years. This is because precast concrete structures have fundamental advantages: increased speed of construction, improved quality control due to the member-fabrication environment, and reduced site formwork and labor [1] .The other advantages include savings in time and overall cost of investment, scaffolding and less reliance on wet concrete. Also the time taken for construction at the site is up to 20% less for precast concrete structure when compared to the construction of a similar cast-in-place concrete structure. Though it has many advantages over the cast-in-place concrete construction, still there is hesitancy in extensively constructing precast concrete structures in highly seismic areas.
Shear wall-frame structures are widely used in China, this is because these structures have many advantages: higher anti-lateral stiffness and flexible layout of space. Precast shear wall-frame structures in China are recommended to be designed as PC frame and conventional cast-in-place shear-wall in the related design code [2] , this hybrid shear wall-frame structures are called as 'semi precast concrete shear wall-frame structures', and widely constructed in China during the last decade. Buildings constructed in this manner are commonly known as equivalent monolithic systems, the structural systems are designed to emulate the cast-in-place reinforced concrete construction. However, it is recognized that in this systems the connections are usually difficult to detail in the same manner as those used in cast in situ RC structures, and correspondingly the construction efficiency is not high.
In order to improve the efficiency of construction, a new innovative idea called 'full precast concrete shear wall-frame structures' was developed as an alternative to the conventional approach. In this new systems the frame and the shear-wall are constructed using fabricated components. This means that the cast-in-place concrete can be most minimized and correspondingly the construction efficiency greatly improved. Previous research on PC frame shear-wall focus on theoretical study [3] [4] , and there are few literatures on this 'full precast concrete shear wall-frame structures'.
Hence, for this study, a half-scale two-story two-bay RC shear wall-frame structure specimen was designed and constructed and a reference monolithic specimen was investigated firstly, and then a reversed cyclic lateral loading test was carried out on the behavior of this full precast concrete shear wall-frame structures.
Experimental Program

Design and Detailing of Specimens
The precast specimen and the cast-in-place one, are designed as two two-story and two-bay RC frame shear-wall structures, and tested to compare their seismic performance. The models are scaled to one-half to represent the first story of a six-story RC frame shear-wall building prototype.
As is shown in Figure 1 the column units are connected by grout filled sleeves, and the beams are also connected by grout filled sleeves. The precast concrete shear wall panels are connected by steel by lap splice using spiral stirrups. The column cross section is 300 × 300 mm, and the beam cross section is 150 × 300 mm. The concrete cover for either beams or columns is 15 mm. The details of Specimen PC-3 are depicted in Figure 1 . The longitudinal reinforcement ratios for columns and beams are 2.28 and 1.6% respectively. Moreover, the volumetric ratios of stirrups for columns and beams are 0.17 and 0.23% respectively.
Precast Concrete Cast-in-place concrete 
Material Properties
Material tests were carried out on concrete samples and on the reinforcing steel for each specimen.
These include the modulus of rupture tests and compression tests on 100×100×100 mm concrete prisms, The measured average cubic compressive strength of precast concrete of PC-3 was 33.5 MPa, and the one of cast-in-place concrete was 43.3 MPa. The average yield and tensile strengths of the reinforcing bars used in the tested subassemblies are summarized in Table 1 .
The compression tests on 40×40×160 mm non-shrink grout prisms is also conducted. The average flexural strength value is 16.3 MPa, and the average compressive strength of 75.2 MPa
All of the concrete and grout specimens were subjected to the same curing conditions as the test members to ensure that they represented the properties of the test units. 
Test Setup and Testing Procedure
The test setup is shown in Figure 2 . In the reversed cyclic loading tests, displacement control was applied on the top of the specimen, where an idealized inflection point was expected, by an MTS servo-hydraulic actuator with a capacity of ±500 kN and a stroke of ±300 mm supported on the reaction wall. The specimens were pushed (+ sign) and pulled (-sign) with gradually increasing lateral displacement. Firstly the lateral displacement conducted was ±2, ±3, ±4, ±5, ±6 and ±7 mm. At each controlled displacement value, the test was repeated in its entirety for one cycle and, afterwards, the displacement controlled was ±8, ±16, ±24, ±32, ±48 mm… At each controlled displacement value, the test was repeated in its entirety for three cycles to investigate the degradation of strength and stiffness as well as the energy dissipation. A visual inspection was performed at each peak deformation to examine cracks. To facilitate comparison of test results, the same loading history was used in both of the tests. For each specimen, the test was terminated when the residual load capacity of the specimen decreased to 85% of the peak load capacity.
This experimental methodology followed the guideline provided in ACI T1.1-01 (ACI, 2001). The lateral forces and displacements were measured by a force sensor and displacement transducers built into MTS. Furthermore, displacement transducers and strain gauges were mounted on the specimens at the required locations to measure local responses. The measured signals were recorded by a data acquisition unit and then transmitted to a computer. Figure 2(a) shows the instrumentation of the test assembly indicating the location of the linear variable differential transducers (LVDTs) used for measuring the deflections of the specimens. In addition, to prevent the displacement in the out-of-plane direction, specially-made rigid steel lateral bracings were placed during the test loading, as shown in Figure 2 (b). Prior to subjecting the specimen to lateral loads, vertical loads were applied to the top of the shear wall and columns by 3 hydraulic jacks mounted on the reaction frame, and were maintained at a constant value of 850 kN and 350 kN respectively (corresponding axial compression ratios were 0.15 and 0.12). These loads were continuously monitored to ensure that it did not change during the whole course of test.
Experimental Results and Discussion
Failure Mode
The specimen is loaded by displacement control. When the displacement reached 2.0 mm (corresponding load value was 145 kN), a vertical hairline crack which was about 50 mm long occurred on the right side of the second story shear wall. When the displacement reached 3.0 mm (204 kN), a horizontal crack which was about 150 mm occurred on the bottom of the first story shear wall. When the displacement reached 4.0 mm (245 kN), a inclined crack which is about 160 mm occurred on the bottom of the first story shear wall, this crack became more visible as the drift increased. Following the loading process, the cracks which occurred before developed from the edge of the wall to the middle gradually. When the displacement reached 8.0mm (427kN), a number of tiny flexural cracks occurred within the height of 500 mm from the base of the shear wall. The extension of the cracks was around 350 mm. In this stage, no cracks occurred in the frame joint zone. With increasing external loading, more and more cracks appeared were found at the toes of the shear wall and columns, a major flexural crack formed at the base of the beam, and three groups of connected shear cracks formed along the beam. In this stage, two small shear cracks occurred within the joint zone, but they didn't seem to open significantly. It was found that the crack pattern of the specimen PC-3 was similar to that of RC-1. The crack length on the bedding mortar didn't increase with the loading displacement amplitude linearly. The sequence of plastic hinge occurrence of Specimen PC-3 is similar to that of the cast-in-place one RC-1, which shows that the reinforcement connection method used for PC-3 is reliable and safe.
When the displacement reached 56.0mm (936kN), the concrete at the bottom of both sides of the wall was broken, and the splicing sleeves were exposed, adjacent concrete spalling was clearly observed, The cracks at the base of the beam continued to open and extended to about 8 mm, During the controlled displacement increased from 48 to 56 mm, the beam tended to slide along the cracked section at the base of the beam. The right side of the first story shear wall was severely damaged, there were a number of vertical cracks appearing, and the widest crack was 3.5 mm. Which indicated that the grout filled splicing sleeves used in Specimen PC-3 has a reliable connection performance, can transfer longitudinal reinforcement stress reliably. Figure 4 illustrates the load-displacement (F-∆) relationships of the two specimens, in which the applied load (F) vs. displacement (∆) hysteretic response is depicted, the displacement (∆) is measured at location of applied load. At the early stage of the tests, the two specimens showed a similar stable load versus displacement hysteretic response, hysteresis loops were quite wide in both cases, showing high energy dissipation capacity, coherently with the ductile mechanism of failure visually observed. In particular, both specimens showed a ductile way of rupture, conforming to typical of 'strong column-weak beam' design criterion. The cracks occurred on the frame portion appeared mainly close to the joint due to flexural stresses, followed by concrete cover spalling. Columns showed hardly cracking during the whole test. In a word, the full precast shear wall-frame structure presented in this study showed a very stable seismic behavior, and can meet the application requirements of for practical engineering. The experimental investigation indicates that the reliably connected, well-designed and constructed full prefabricated shear wall-frame structures with prefabricated shear wall panels and prefabricated frames, have good seismic performance and can meet the seismic requirements and be used in anti-seismic zone. 
Hysteretic Behavior
Conclusion
This research aimed at investigating the seismic performance of full precast shear wall-frame structures with prefabricated shear wall panels and prefabricated frames, and the experimental investigation indicates that the reliably connected, well-designed and constructed full prefabricated shear wall-frame structures with prefabricated shear wall panels and prefabricated frames, have good seismic performance and can meet the seismic requirements and be used in anti-seismic zone.
